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/* PseudoCode for fvt apparatus */ 

include <pthread.h> 
include <stdio.h> 

/* This is the initial thread routine */ 
void* compute_thread(void*); 

/* This is the lock for thread synchronization */ 
pthread_mutex_t my_sync; 

/* This is the condition variable for task order control */ 
pthread_cond_t rx; 

/* This is the Boolean */ 
int thread_done = FALSE; 

main() 

/* This is data describing the thread created */ 
pthread_t tid; 
pthread_attr_t attr; 

/* Start of executable */ 

/* Initialize the thread attributes */ 
pthread_attr_init(&attr); 

/* initialize the mutex (default attributes) */ 
pthread_mutex_init(&my_sync, NULL); 

/* initialize the condition variable (default attributes) */ 
pthread_cond_init(&rx, NULL); 

fig. 12A 
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/* Create another thread. The Thread ID is returned in &tid */ 
/* The last parameter is passed to the thread function */ 

while (the file containing the testcases for a particular 
layer is not empty do the following) 

3 
pthread__create (8ctid, &attr, compute__thread, invoke_perlscript); 

/* wait until the thread does its work */ 
ptrhead_mutex_lock(&my_sync); 
while (!thread_done) pthread_cond_wait (8crx,&my_sync); 

/* When we get here, the thread has been executed */ 
printf thread); 
printf "\n"); pthread_mutex_unlock(&my_sync); 
exit(0); 
/* end of do while 
/* end of main routine 

/* The thread to be run by create_thread */ 
void* compute_thread(void* invoke_perlscript) 

/* Lock the mutex when its our turn */ 
pthread_mutex_lock(&my_sync); 

invoke_perlscript 
/* set the predicate and signal the other thread */ 
thread_done = TRUE; pthread_cond_signal(&my_sync); 
pthread_mutex_unlock(&my_sync); 
return; 

fig. 123 
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METHOD AND APPARATUS FOR TESTING A 
SOFTWARE COMPONENT USING AN 

ABSTRACTION MATRIX 

TECHNICAL FIELD 

[0001] The present invention relates generally to methods 
and apparatus for software testing, and more speci?cally, to 
a functional testing technique employing an abstraction 
matrix for facilitating testing of complex softWare compo 
nents such as an operating system component. 

BACKGROUND OF THE INVENTION 

[0002] SoftWare testing is an ongoing task in computer 
softWare program development and maintenance Which 
requires a large portion of development time, computer and 
human resources, and effort. SoftWare development may 
include the development of an entirely neW application or 
program, or the addition of a neW feature to an existing 
application. SoftWare maintenance activities generally 
include the correction of reported problems. 

[0003] Testing is performed With the goal of verifying the 
correct functioning of neW softWare and modi?cations to 
existing softWare. Generally, softWare testing accompanies 
even minor code modi?cations or enhancements to ensure 

correctness. Verifying the correctness of softWare may 
involve numerous tasks ranging from ensuring correct cod 
ing syntax through successful compilation, to checking the 
execution results by examining the output of a softWare 
program. 

[0004] In order to test the execution of softWare, a 
machine-executable program comprising binary instructions 
and data in machine-readable form must be produced and 
executed. The softWare may be Written in some high-level or 
loW-level programming language. This softWare may be 
processed by a compiler, language processor, or translator to 
produce an object ?le containing binary or machine-readable 
code. Usually, there are multiple softWare modules or source 
?les (herein generically referred to as softWare components) 
Which comprise the softWare to be tested. Each of these 
softWare modules may be separately compiled, and a sepa 
rate object ?le may be produced for each of these source 
?les. These object ?les may be combined into a single 
machine-executable program using an operating system tool 
such as a linker Which links together the multiple object ?les 
containing binary code and data to produce a single com 
bined machine-executable program containing binary code 
and data. This machine-readable program may be run or 
executed on a computer system, and the results from the 
execution may be examined as a means to ensure correct 

functioning of the softWare. 

[0005] SoftWare programs vary in complexity and siZe. 
Both the small and simple programs as Well as the large and 
more complex programs have a need for ef?cient softWare 
testing. Generally, as complexity and siZe increase, the 
amount of testing and the need for efficient testing increases 
as Well. 

[0006] For example, if the goal is to test a complex 
softWare component (such as a “cluster operating system”) 
as a black box, tWo problems are immediately faced. First, 
there Will be an enormous number of test cases based on the 

number of potential inputs (i.e., the softWare is multi input 
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and multi exit), Without necessarily validating the validity of 
the individual tests. In addition, a large amount of time Will 
be required in order to execute all of the tests needed to 
verify the complex softWare component. 

[0007] Thus, the present invention comprises in a general 
aspect, enhanced methods and apparatus for testing soft 
Ware, and more particularly, to enhanced techniques for 
ef?ciently testing a complex softWare component in order to 
minimiZe the number of test cases required to validate the 
softWare component and reduce overall time required to 
execute the test cases. 

SUMMARY OF THE INVENTION 

[0008] The shortcomings of the prior art are overcome and 
additional advantages are provided through the provision of 
a method of testing a softWare component, including: cre 
ating an abstraction matrix that describes the softWare 
component, the abstraction matrix including state and event 
information; parsing the abstraction matrix to generate test 
cases and mapped expected results therefore; separating the 
test cases based on layers of the softWare component, and 
associating data structures With the separated test cases of 
the layers, the data structures alloWing the test cases of the 
various layers to be uncorrelated; employing a softWare 
component in executable form to generate for each layer of 
the softWare component test case execution threads from the 
test cases and map expected results for that layer; and 
executing in parallel at least some of the test case execution 
threads for at least one layer of the softWare component, 
thereby testing the softWare component. 

[0009] In another aspect, a method of generating test cases 
for use in testing a softWare component is provided. This 
method includes: ascertaining a functional speci?cation of 
the softWare component; creating an abstraction matrix that 
describes the softWare component using the functional 
speci?cation, the abstraction matrix comprising state and 
event information; parsing the abstraction matrix to generate 
test cases and mapped expected results therefore; and sepa 
rating the test cases based on layers of the softWare com 
ponent, and associating data structures With the separated 
test cases of the layers, the data structures alloWing the test 
cases of the various layers to be uncorrelated. 

[0010] System and computer program products corre 
sponding to the above-summariZed methods are also 
described and claimed herein. 

[0011] To restate, provided herein is a functional testing 
technique employing an abstraction matrix for facilitating 
testing of complex softWare components. The technique is 
nonintrusive to the softWare code being veri?ed, and alloWs 
generation of test cases so that there is full code coverage in 
the least amount of test cases. Additionally, the technique 
presented herein can factor test cases to only re?ect speci 
?cation coverage, and provides the ability to prioritiZe test 
cases so that the most important cases can be executed ?rst. 
When used With a staged function delivery, the technique 
presented can factor out all “doable” test cases. Thus, 
making the most use of the available testing resources. In 
addition, the technique of the present invention alloWs 
mapping of code changes to test cases. Thus, the full cost of 
a coding change can be derived by understanding the 
amount of testing needed to support the change. 
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[0012] Additional features and advantages are realized 
through the techniques of the present invention. Other 
embodiments and aspects of the invention are described in 
detail herein and are considered a part of the claimed 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The subject matter Which is regarded as the inven 
tion is particularly pointed out and distinctly claimed in the 
claims at the conclusion of the speci?cation. The foregoing 
and other objects, features, and advantages of the invention 
are apparent from the folloWing detailed description taken in 
conjunction With the accompanying draWings in Which: 

[0014] FIG. 1 depicts one example of a conventional 
method for testing a softWare component; 

[0015] FIG. 2 is a general diagram of a multilayer soft 
Ware component to be tested; 

[0016] FIG. 3 is a ?oWchart of one embodiment of a 
softWare testing process in accordance With the principles of 
the present invention; 

[0017] FIG. 4 is a block diagram of one embodiment of an 
automated testing apparatus in accordance With the prin 
ciples of the present invention; 

[0018] FIG. 5 is a block diagram of one embodiment of an 
abstraction parsing process in accordance With the principles 
of the present invention; 

[0019] FIG. 6 is a block diagram of one embodiment of a 
functional veri?cation test apparatus in accordance With the 
principles of the present invention; 

[0020] FIG. 7 is an example of a state change from a 
current state to a next state to be recorded in an abstraction 
?le constructed in accordance With the principles of the 
present invention; 

[0021] FIG. 8 is a simpli?ed example of an abstraction ?le 
in accordance With the principles of the present invention; 

[0022] FIGS. 9A-9D are a ?oWchart of one process 
embodiment of test case and mapped expected results cre 
ation employing an abstraction matrix in accordance With 
the principles of the present invention; 

[0023] FIG. 10 is an example pseudocode implementing 
the abstraction engine and mapped expected results func 
tions of FIG. 4; 

[0024] FIG. 11 is a ?oWchart of one embodiment of 
functional veri?cation test processing in accordance With the 
principles of the present invention; 

[0025] FIGS. 12A & 12B comprise one example of 
pseudocode implementing the functional veri?cation test 
process of FIG. 11; and 

[0026] FIG. 13 is a block diagram of a computer system 
Which can be employed to implement the automated features 
of the present invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0027] Generally stated, presented herein is an enhanced 
facility for testing a complex softWare component, such as 
an operating system component. An objective of this testing 
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facility is to identify the minimal number of states required 
to model a softWare component, With an intent to understand 
the state changes and subsequently identify the invariant 
intra-layer and inter-layer state properties. The testing pro 
cedure is to evaluate the invariance and verify that the 
softWare component is either in a consistent state or an 
inconsistent state (i.e., contains a defect). The test cases that 
Will be used are event scenarios, Which re?ect state changes. 

[0028] One method to deriving test cases is to use a state 
diagram. HoWever, for a large, complex softWare component 
(such as a “Cluster Operating System”), Where n indepen 
dent Boolean attributes affect control, the diagram Will lack 
expressive poWer, and is indeed impractical due to the 
enormous amount of space required to represent it (i.e., 2“, 
Where n represents the number of states). Another Way to 
look at this problem is the fact that for a multi-entry, 
multi-exit model, the number of tests needed to provide 
coverage Will be exponential. What is needed is a method to 
“uncorrelate” the inputs, thus reducing the number of tests 
needed for coverage. 

[0029] The solution proposed herein is to partition the 
softWare component into states Which are traversed by 
events, thus mathematically requiring only 2n states. This is 
accomplished by deriving a conceptual layering scheme 
Which alloWs the construction of independent tests per layer. 
The independent layers take into account the relationships 
(i.e., data structure) that exists betWeen each layer, thus 
alloWing independent tests per layer to be constructed, and 
reducing the number of tests needed to verify the softWare 
component. The apparatus for implementing this technique 
includes an abstraction engine Which is employed to auto 
matically extract the information used to generate the inputs, 
and mapped expected results for each layer. 
[0030] A driver is then employed to execute the test cases 
of the different layers concurrently, thus reducing the overall 
time it takes to test the softWare component. By reducing the 
time per testing of the softWare component, full test/regres 
sion testing of a softWare component is possible in a 
relatively short amount of time. Further, the techniques 
presented herein can be used With any level of softWare 
development (i.e., unit test, function test, integration test). 
The testing facility of the present invention can also be 
employed commercially to help evaluate the quality of a 
given softWare component. 
[0031] One embodiment of a conventional softWare test 
ing approach is depicted in FIG. 1. This testing process, 
generally denoted 100, essentially comprises a manual pro 
cess for the creation of test cases. The process begins With 
creation of a softWare speci?cation 110, Which is used in 
softWare development 120 to create a softWare component 
130 to be tested. Commensurate With softWare development, 
a test plan 140 is manually developed from the softWare 
speci?cation 110. Test cases are then created from the 
developed test plan 150. Test case execution 160 is a serial 
process Wherein the softWare component, manually created 
test cases and user de?ned attributes are received as inputs 
and test cases are tested and completed in sequence, typi 
cally beginning With higher layers of the softWare compo 
nent. Thus, upon completion of test case 1 test case 2 is 
executed, upon completion of test case 2, test case 3 is 
executed, etc. until test case n is executed and completed. 

[0032] FIG. 2 depicts a simpli?ed version of a softWare 
component 200 having multiple layers 220. SoftWare com 
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ponent 200 comprises a multi-input 210, multi-exit 230 
software component to be tested. As a single example of an 
external event input, one input signal may comprise a cluster 
manager input for n nodes as shoWn, and if testing in the 
conventional manner, an output may comprise a log ?le 
indication of the cluster health. Using conventional softWare 
testing, the test cases are on the periphery of the boundary 
of the softWare component and testing of the component 
traverses from a top layer all the Way doWn to the bottom 
layer. 
[0033] One generaliZed embodiment of softWare testing in 
accordance With the principles of the present invention is 
depicted in FIG. 3. This testing process, generally denoted 
300, again proceeds from a softWare speci?cation 310. 
Software development 320 employs the softWare speci?ca 
tion to create the softWare component 330. HoWever, in this 
case an abstraction 340 of the softWare speci?cation is 
created Which is then employed to create individual test 
cases for the different layers of the softWare component. The 
abstraction, Which is described further beloW, comprises in 
one embodiment a matrix that describes the softWare com 
ponent. The matrix includes state and event information 
breaking the softWare speci?cation doWn into a mathemati 
cal expression. For each layer of the softWare component, 
the abstraction matrix can comprise an abstraction ?le Which 
contains current state and next state information With events 
Which are necessary to go from a current state to a next state. 

After the abstract has been created and approved, the 
abstraction matrix is employed in an abstraction engine/ 
apparatus 350 to generate test cases for output and execution 
in parallel. The abstraction engine/apparatus 350 preferably 
comprises an automated process for generating the syntax 
for the test cases and subsequently executing the test cases. 
This engine/apparatus reads the list of abstractions, that 
describe the various parts of the softWare component, parses 
the list, creates test cases needed to validate the layers of the 
softWare component by breaking the test cases into sections 
associated With each layer of the softWare component, 
identi?es the mapped expected results for the various test 
cases and alloWs simultaneous testing of the softWare com 
ponent layers. 

[0034] The folloWing discussion is an example of hoW to 
construct an ABSTRACTION ?le. As shoWn in FIG. 3, an 
ABSTRACTION 320 is created, based on the information 
contained in the SoftWare Speci?cation. An example of What 
that speci?cation might look like is as folloWs: 

[0035] “”In order to create a table inside the directory you 
must do the folloWing, 

[0036] mksrtbl</Dir/Name_of_table><col=col 
_namei1> 

[0037] <col=col_name—2> . . . 

[0038] Where /Dir refers to the directory name, 
Name_of_table refers to the name of the table, and col_name 
refers to the name of the column. You may have up to 30 
columns in the table, all of Which can have names of up to 
256 characters, for any column name“” 

[0039] The example above might represent a small section 
of a typical softWare speci?cation. Based on the speci?ca 
tion, the ABSTRACT Would be the folloWing: 

[0040] CS (Current State) is a Directory i.e. /DIREC 
TORY, that currently exits. 
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[0041] The NS (Next State) Would be the table, With n 
numbers of columns ie 

[0042] /DIRECTORY_/Name_of_table_?le_and_n 
_number_of_columns 

[0043] The event scenario that alloWs you to get to the 
next state (NS) is 

[0044] <mksrtbl/DIRECTORY/ 
Name_of_table><col=col_namei1> . . 

_name_n> 

[0045] Auser selected name of a Directory, column name, 
and the number of columns Would all be considered 
attributes of the event scenario. 

[0046] Thus the ABSTRACTION that Would be con 
structed is the folloWing: 

[0047] <CS:DIRECTORY H NSzDIRECTORY/ 
Name_of_table_?le_and_n_number_of_columns 

[0048] This Would represent a typical line in the 
ABSTRACTION ?le. 

[0049] CS: is a token Which identi?es that this is the 
current state. The next token is the name of a ?le and the 
name of the current state. Thus the existence of “DIREC 
TORY” is the current state, and the name of the ?le that Will 
contain the current state information. The current state 
information Will contain the event scenario. 

[0050] The character <|l> separates the CS token from the 
NS token. NS is a token Which identi?es the next set of 
characters, Which is the name of a ?le, Which contains the 
next state information. 

[0051] The ?le named <DIRECTORY> Will contain the 
folloWing set of information 

[0052] 1 STATE DIRECTORY 

[0053] 2 mount_directory/DIRECTORY 

[0054] 3 create_directory/DIRECTORY 

[0055] BeloW is an explanation of each line. 

[0056] Line 1 is the exact syntax used for this state and or 
the state name, and is an indicator that the next line(s) Would 
be a set of events that are necessary to be at this particular 
state. This is analogous to a simulated set of events, Which 
alloWs each state to be tested independently. 

[0057] Lines 2 and 3 are the conditions that must exist in 
order to be at that state. This is analogous to a simulated set 
of events, Which alloWs each state to be tested indepen 
dently. 

[0058] The DIRECTORY, Name of table, col name 1 and 
number of columns, are all variables, in Which the tester can 
plug in any type that is deemed needed i.e., attributes. 

[0059] Finally, the NS name <DIRECTORY_/Name_of_t 
able_?le_and_n_number_of_columns>, Would be the name 
of a ?le Which contains the mapped expected result. Based 
on the original description in the speci?cation, a generic 
representation Would be made in the ?le to represent a full 
director path, With a ?le (table) Which Would have N 
numbers of columns. 














